Background: Recent studies have shown that clinical tasks only represent a small percentage in the scope of finalyear medical students' activities and often lack sufficient supervision. It appears that final-year medical students are frequently deployed to perform "routine tasks" and show deficits in the performance of more complex activities. This study aimed to evaluate final-year students' clinical performance in multiple impromptu clinical scenarios using video-based assessment. Methods: We assessed final-year medical students' clinical performance in a prospective, descriptive, clinical followup study with 24 final-year medical students during their Internal Medicine rotation. Participating students were videotaped while practicing history taking, physical examination, IV cannulation, and case presentation at the beginning and end of their rotation. Clinical performance was rated by two independent, blinded video assessors using binary checklists, activity specific rating scales and a five-point global rating scale for clinical competence. Results: Students' performance, assessed by the global rating scale for clinical competence, improved significantly during their rotation. However, their task performance was not rated as sufficient for independent practice in most cases. Analysis of average scores revealed that overall performance levels differed significantly, whereby average performance was better for less complex and more frequently performed activities. Conclusions: We were able to show that students' performance levels differ significantly depending on the frequency and complexity of activities. Hence, to ensure adequate job preparedness for clinical practice, students need sufficiently supervised and comprehensive on-ward medical training.
Background
On-ward team integration, independent patient management, and supervision are crucial facilitators for effective workplace learning and the successful acquisition of clinical competencies [1] . However, quantitative and qualitative studies on clinical rotations [2] [3] [4] [5] [6] have consistently revealed a severe lack of on-ward supervision, direct observation, and feedback as well as the unremitting assignment of final year medical students (FYMS) to non-instructive routine tasks. This fosters the impression that workplace learning still resembles rather a 'black box' approach than a well-organized learning environment and is sadly often a matter of trial and error [7] .
Recent research by Bugaj et al. [8] suggests that FYMS' assigned clinical tasks are mostly repetitive, of low-difficulty, and lack sufficient supervision. The study asked 34 FYMS to keep a detailed record of all their on-ward activities and to document the duration, mode of action, estimated relevance for later practice, as well as difficulty-level during their final-year Internal Medicine trimester. Drawing blood (20.8%) and full admission procedures (9.6%) were the most frequently actively performed medical activities, whereas ward rounds (42.0%) and meetings (29.6%) were the activities most often observed. 14.9% of the time was spent with nonmedical activities and 82.1% of all medical activities performed went unsupervised.
Following the basic principles of behavioral learning psychology, frequent repetition, independent practice, and personal responsibility lead to improved performance [9] . In return, more complex and comprehensive medical responsibilities, such as ward rounds, case presentations, and consultations make up a much smaller part of the students' practical education and are, hence, presumably practiced less frequently and well. In addition to the described structural imbalance, it was reported that most of the daily tasks were performed without supervision. In a best-case scenario, this may result from professional entrustment, namely, based on an implicit evaluation of the students' performance level, a senior clinician entrusts a task to a student after an adequate period of supervised observation. However, in reality, most tasks just seem to be 'handed over' without any prior performance monitoring or procedural controls [10] , which may either be explained by the participating health care professionals' poor working conditions and high workload or, from a more critical point of view, by "bad practice" [11, 12] .
According to the study of Bugaj et al. FYMS are frequently assigned to "routine tasks" requiring little to no supervision, which might lead to pronounced deficits when it comes to more complex activities. In light of ubiquitous patient safety and quality management efforts, the question of securing performance levels sufficient to enable independent practice deserves careful consideration. Therefore, we aimed to assess FYMS' clinical performance levels in multiple impromptu clinical scenarios using video-based assessment by means of four activities with different frequencies and different degrees of complexity: (I) IV cannulation (most frequently performed according to students' self-estimation, low complexity), (II) history taking and (III) physical examination as parts of full inpatient admission (less frequently performed according to students' self-estimation, more complex) and (IV) case presentation as part of active participation in ward rounds (rarely performed according to students' self-estimation, high complexity). We hypothesized that FYMS' performance-levels (i) are sufficient for unsupervised practice in those selected basic skills and activities that were extensively practiced in previous years at medical school, (ii) improve during Internal Medicine rotation, (iii) are higher for less complex and more frequently performed activities.
Methods

Design
We conducted a prospective, descriptive, clinical follow-up study to assess clinical procedural performance of FYMS. To this end, n = 24 FYMS deployed in the Department for Internal Medicine at the University of Heidelberg, Germany, were videotaped while performing four indispensable clinical activities (history taking, physical examination, case presentation, and IV cannulation -single execution of each activity) at two distinct points of time (t1 during the first and t2 during the last two weeks of the FYMS' Internal Medicine rotation). Students' performance was then evaluated independently by two blinded video assessors.
Participants
All FYMS who enrolled in their Internal Medicine rotation in the Department for Internal Medicine at the Heidelberg University between May and September 2014 were invited to participate in the study on a voluntary basis. There were no exclusion criteria. Only one student declined participation (participation rate 96%).
Patients
All participating patients were Internal Medicine inpatients at the Medical Hospital of the University of Heidelberg, Germany, and preferably stayed on the ward the final-year students were assigned to. Initial invitation, whenever possible, was given by the final-year student himself, while written consent was secured by the supervising physician.
Assessment of FYMS' baseline-characteristics
The assessment of FYMS' baseline-characteristics included questions on age, sex, and career aspirations. Further evaluation focused on how often the students had so far independently performed the observed clinical activities during their studies in a) controlled conditions (i.e. skills lab, simulation and standardized patient training) or b) genuinely. The students gave estimations of how often they had performed each activity previously. Finally, students were asked to self-assess each of the four aforementioned clinical activities with regard to their feeling of job preparedness via a five-point Likert-scale (statement: Concerning [activity named here] I feel well prepared for the job as a medical doctor; 1 (not true at all), 2 (not true), 3 (undecided), 4 (true), 5 (very true)).
Accompanying FYMS curriculum
The study was embedded in our final-year medical curriculum [13] starting with interdisciplinary and internal medicine introductory courses [14] followed by seminars held on 4 days a week, including hands-on ultrasound training, weekly ECG seminars, and courses in clinical pharmacology as well as skills-lab training, critical care management, advanced life support and ward-round training [15] . In addition, theoretical and practical learning processes were supported by logbooks [16] , a state examination training course [17] , and an on-ward supervision program [18] .
Acquisition of data
The study was conducted over a 16 week period on the premises of the Medical Hospital of the University of Heidelberg, Germany. Data acquisition was executed on the final-year students' assigned ward during the first and the last two weeks of the FYMS' Internal Medicine rotation. As clinical performance is highly affected by contextual variables [19] , we endeavored to standardize the conditions for activity assessment. All activities were performed during regular, on-ward supervision without spectators. Supervisions took place in patient or examination rooms during the morning shift, lasting a maximum of one and a half hours with German speaking, fully conscious, stable, non-critically ill patients able to undergo physical examination.
Assessment of clinical activities: Checklists
A Rollei Movieline SD-23 (Rollei GmbH & Co. KG, Hamburg, Germany) camera was used to film clinical performance. All videos were digitally processed and the playing sequence was randomized to forego sequential conclusions. Two blinded, independent video assessors (specially trained physicians and medical educators as well as co-authors of this study) evaluated the students' performance using four well-established, specific binary checklists [20] for each clinical activity based on faculty standards for history taking, case presentation, IV cannulation [21] , and physical examination [22] . Checklist item numbers ranged from 20 (case presentation) to 40 (physical examination).
Assessment of clinical activities: Global rating
Additionally, eight items (items 2-5, 7-10) from the Integrated Procedural Protocol Instrument (IPPI), as proposed by Kneebone et al. [23] , were used to globally assess physical examination and IV cannulation skills. Furthermore, we included two supplementary items to evaluate the completeness and structuring of the procedure. All items were rated via a six-point Likert scale (1 (strongly agree), 2 (mainly agree), 3 (tend to agree), 4 (partially agree), 5 (tend to disagree), 6 (strongly disagree)).
We assessed case presentation with the Handoff CEX Tool [24, 25] , comprising six main domains: setting, organization, communication, content, judgment, and professionalism. Each domain is scored on a one to nine-point scale, including descriptive anchors at high and low ends of performance to orientate the evaluator. For further guidance, the scale was divided into three overarching sections: 1) unsatisfactory (score 1-3), 2) satisfactory (score 4-6), and 3) superior (score 7-9).
To evaluate history taking, a four item global communication rating scale [26] was used to assess verbal and non-verbal communication and empathy via a six-point Likert scale (1 (strongly agree), 2 (mainly agree), 3 (tend to agree), 4 (partially agree), 5 (tend to disagree), 6 (strongly disagree)).
Assessment of clinical competence
Using a model by Lund et al. [27] , the overall performance level was evaluated based on the students' compliance with the raters' expectations and the level of supervision required via a five-point scale: level 1: below expectations, continuous supervision required; level 2: below expectations, student shows basic skills, supervision required; level 3: meets expectations, sufficient skills under supervision, intermittent supervision required; level 4: above expectations, ready for unsupervised execution; level 5: exceeds expectations, capability to supervise others. In a final step, the overall performance level for each activity was condensed into two overarching categories: 1) "competent" (rated as level '5' , '4' , and '3') and 2) "incompetent" (rated as level '2' and '1').
Ethics
The study was conducted according to the Declaration of Helsinki (64th WMA General Assembly, Fortaleza, Brazil, October 2013). Ethics approval was granted by the ethic committee of the University of Heidelberg (S-376/2009). Study participation was voluntary. All students and patients were adequately informed about the study's purpose and granted anonymity and confidentiality regarding their data. We obtained written informed consent from all participants prior to study participation. Students' refusal to participate had no impact on subsequent evaluations or other assessments in the curriculum. Patients were advised that they could refuse to participate without having to provide a reason or fear negative effects.
Statistical analysis
The software package SPSS 20 (Statsoft, Inc., Tulsa, OK, USA) was used for statistical analysis. Data are presented as means ± standard deviation (SD) or as absolute numbers and percentages. Wilcoxon signed rank tests were used for ordinal data (global rating), Bonferroni-Holm correction for multiple comparisons, and paired Student t-tests for interval data (checklist rating, IPPI, CEX) to compare video assessors' judgments between the start and end of FYMS' clinical rotation. For the two video assessors, inter-rater reliability was calculated based on Spearman correlation coefficients. Differences in global rating, based on competence-status, were calculated with chi-squared tests. For the explorative assessment of correlations between checklist and global rating scores, Spearman rank correlation coefficients were calculated. A p-value < 0.05 was considered to be statistically significant.
Results
Participants
All 24 students recruited for the study were FYMS. The mean age was 25.5 years (23; 29), and 62.5% were female participants. Baseline data is shown in Table 1 .
Patient sample
Participating patient's mean age was 59 years (range 27-89) with 32.2% females. 90.3% of the admissions were elective, 9.7% were emergency hospitalizations. In the majority of cases, disease patterns derived from cardiology (29.2%), gastroenterology (17.6%), and hematology/oncology (14.8%) as well as from endocrinology (10.8%) and psychosomatics (10.0%).
Video rating
Checklist and global ratings Table 2 depicts FYMS' scores in checklist as well as global and competence ratings at the start and end of rotation. Checklist ratings varied widely but improved significantly for history taking and case presentation. Lowest scores were yielded for case presentation with 39% at t1 and 46% at t2, followed by history taking with 48% at t1 and 58% at t2, and physical examination 55% at t1 and 59% at t2. As predicted, the highest scores were reached for IV cannulation with 81% at t1 and 83% at t2 (s. Table 2) .
During their rotation, students improved significantly in all four activities with regard to the global clinical competence ratings. However, the results of the overall ratings show that the students' level of performance was not deemed sufficient for unsupervised practice in most cases. Furthermore, the analysis of average scores revealed that student's overall performances differed significantly.
Inter-rater-reliability of used instruments
As shown in Table 3 , inter-rater reliability proved to be high for case presentation and IV cannulation, while the evaluation of history taking and physical examination performances produced low inter-rater reliabilities in all applied instruments. Table 4 shows correlation coefficients between checklists, global rating scores, and assessed clinical competence. Correlations for checklists were high in all four activities, while global ratings only yielded high correlations for history taking, case presentation, and IV cannulation.
Correlation between instruments
Assessment of clinical competence
Lowest mean scores were yielded for case presentation (1.65 (SD .63) at t1 and 2.19 (SD .66) at t2). Moderate scores were achieved for physical examination (2.40 (SD .49) at t1 and 2.96 (SD .51) at t2), history taking (2.43 (SD .71) at t1 and 3.04 (SD .53) at t2), and IV cannulation (3.19 (SD .69) at t1 and 3.60 (SD .85) at t2). While most students were rated as competent for the activity IV cannulation (80% at t1 and 87% at t2), only a minority performed case presentation sufficiently (8% at t1 and 29% at t2). In addition, low percentages were reached in physical examination (21% at t1 and 29% at t2) and average percentages were achieved in history taking (33% at t1 and 66% at t2). Chi-squared tests showed significant changes in the percentage of competent students for history taking and change tendencies for case presentation (s. Table 2 ).
Discussion
To our best knowledge, this is the first study to (1) descriptively assess the status of FYMS' objective competencies in four highly relevant clinical activities in a work-place scenario, (2) to examine changes across the course of their 16-week clinical Internal Medicine rotation, and (3) to gain first insight in FYMS' clinical competence performance level. The study's main findings suggest that FYMS display deficits when performing clinical, on-ward activities resulting in insufficient preparedness for clinical duty. Although performance generally improved during their sixteen week Internal Medicine rotation, students' performance levels seemed to be especially low in tasks that were infrequently practiced in clinical settings in preceding medical training. Despite students largely professing high levels of confidence in regard to self-perceived job preparedness [28] , there is evidence for deficits even in their basic clinical skill performance [29, 30] . In accordance with the existing literature, our study revealed that the evaluated FYMS were far from being sufficiently prepared for unsupervised practice in central clinical activities, such as history taking [30] , physical examination, and case presentation. Although an integral part of daily ward rounds and clinical practice [29] , students failed to achieve more than half of the checklist points for two of the four activities in the beginning of their clinical rotation and still failed to do so for one of the four activities (case presentation) at the end of their clinical rotation. Our results indicate that students only seem to be adequately prepared for i.v.-cannulation at the start of clinical practice.
The absence of improvement in IV cannulation, might be explained by the high percentage of competence students displayed in this task (80%) and by the fact that this activity is frequently trained and supervised in specific medical training settings (skills-lab [31] , OSCE [32] ). In line with this ceiling effect hypothesis, students showed no significant improvement in the used stepwise assessment measures (checklists) or in the professionalism and quality of execution (IPPI) evaluations of IV cannulation task performance.
Although students have repeatedly practiced patient history taking during specific medical training with standardized patients [33] , our results suggest that they still tend to benefit from on-ward medical education to improve their performance levels in clinical competence (competence ratings), procedural accuracy, and the number of correctly performed sub-steps (checklist-ratings) as well as with respect to empathy, verbal, and non-verbal communication abilities (global communication rating).
Professional case presentation training opportunities are rare during clinical routine. Improvement in case presentation was seen for procedural accuracy (checklist-ratings) as well as for form and content (Handoff CEX), possibly leading to a better overall competency rating. However, as mentioned above, students still failed to achieve more than half of the checklist points in this activity at the end of their Internal Medicine rotation.
Regarding the competence in physical examination, the students improved in procedural accuracy (IPPI) but, at the same time, failed to show any significant positive change in the number of correctly performed sub-steps (checklist) or in perceived competence (competent students in %). This might be explained by the fact that the students had the opportunity to practice this essential medical skill between t1 and t2 on the wards (on their own), but mainly did so without any professional supervision [8] .
Although it is important to acknowledge that students did gain valuable experiences in actual working conditions during their rotation, clinical, work-place-based education could develop much higher potential with a more balanced, supervised, and needs-based approach. The lack of supervision is a critical point considering the fact that all of these activities constitute elementary and routinely performed day-to-day skills with high relevance for diagnosis, clinical decision making, and, ultimately, treatment plans. Ensuring high performance and professionalism in these basic clinical competencies is indispensable for patient-safety [34] .
Further analysis of our data revealed that better objective performance was more pronounced in clinical skills with a higher estimated number of preceding performances (IV cannulation) [8] , supporting models advocating deliberate practice and giving emphasis to the importance of repeated, reflective practice [35] .
Video assessors' ratings produced low to moderate inter-rater reliabilities for history taking and physical examinations, and higher inter-rater reliabilities for case presentation and IV cannulation. These results suggest that more observed cases need to be evaluated for these tasks. However, all of the three performance assessment tools reached high inter-rater-reliabilities for case presentation and IV cannulation, with global rating scales achieving higher descriptive values in inter-rater reliabilities for history taking skills compared to checklist ratings and vice versa for physical examination skills. This is in line with the existing literature and confirms that global ratings constitute a more summative measure. They are superior in measuring higher levels of clinical competence, expertise, and professionalism [26, 36] , while checklists allow for a more standardized and reliable evaluation of students' technical performance [37] .
Within the four assessed clinical procedures, the applied instruments showed good correlations with assessed clinical competence levels. However, the global rating measure (IPPI) correlated poorly with the assessed clinical competence level of the physical examination. From our experience, this might be explained by three items: namely, item 3 (patient needs assessment), 6 (asepsis maintenance), and 8 (explanation of follow-up care) which are less suitable for on-ward patient care and therefore were not completed in our study in most cases. Vice versa, it is possible that the perceived level of competence is not adequately reflected by the items used in the IPPI.
In summary, when it comes to on-ward training, there are three basic principles in medical education regarding deliberate practice [35] : 1) "the more you practice, the better you get", 2) "you can only improve activities you do", and 3) "you can only learn what is taught". Therefore, to ensure efficient and well-balanced practical education, laissez-faire is not enough. Active efforts towards shaping the form and content of on-ward medical training are imperative. With the objective of ensuring teachable learning opportunities, supporting repeated, reflective practice and addressing observed FYMS' deficits, a few innovative models have begun to redesign final-year medical education [38, 39] . Additionally, introductory courses [14] , on-ward clinical supervision programs [40] , and training wards with supervised treatment of real patients have been established [41] . In light of the fact that these approaches are not only costly but also require considerable human resources and expertise, there is an urgent need for innovative models and controlled trials to justify on-ward programs aiming to enhance supervised, independent patient management and structured professional feedback. Moreover, it has been shown recently that active student participation in on-ward patient management enhances doctor-patient interaction compared to standard ward routines [41] .
Limitations
Certain limitations of this study should be noted. Firstly, in consideration of its limited number of participants, our study has to be regarded as a pilot-study. Nevertheless, we were able to provide highly representative data due to minimal drop-out. Secondly, the chosen clinical activities, although being elementary to the daily on-ward routine, can only provide a limited impression of the trainees' on-ward performance as they are only sequential clippings of their routine. Although multiple testing was not corrected for in the light of the pilot study sample size, results give first important insight in FYMS' clinical performance. A phenomenon which might have implications for all forms of observational research must not go unmentioned, namely, the inclination to adapt a certain behavior due to the awareness of being studied (Hawthorne effect [42] ). Regarding the self-estimated frequencies of the observed clinical activities prior to the study, it is important to understand that it is almost impossible to provide an accurate estimation of these numbers. However, even if the absolute numbers are not correct, it can be assumed that the students are able to classify the frequencies relative to each other. Finally, it is important to underline that the generalizability of data is limited as it may be difficult to extrapolate findings from a single-center study collected in a single hospital and medical discipline to other areas and faculties. It must be noted that our faculty may offer a more extensive and sophisticated medical curriculum to accompany the final year on-ward training than other hospitals. However, our own observations, as well as the exchange with other medical educators in Germany, have led us to believe that the described structures (and resulting deficits) are largely comparable to those of other German university hospitals.
Nevertheless, the study is unique and takes a first step towards amplifying the necessity of measuring job preparedness in FYMS. However, in accordance with the existing literature [43] , future studies should focus on painting a clearer picture of trainees' performance levels and activity scope by putting the present study's findings to proof and observing a broad range of activities across multiple measurement points, in varying settings, and with different trainees.
Conclusions
We were able to show that students' performance levels differ significantly based on the frequency and complexity of a clinical activity. However, their task performance was not rated as sufficient for independent practice in most cases, resulting in insufficient preparedness for their future jobs. In fact, students even failed to achieve more than half of the checklist points for two of the four activities in the beginning of their clinical rotation and still failed to do so for one of the four activities (case presentation) at the end of their clinical rotation. To adequately prepare students for clinical demands, they need balanced and comprehensive on-ward training as well as sufficient on-ward supervision. In order to secure high quality health-care and patient as well as physician safety, only joint health care professional efforts can seek to improve this situation in future. 
